Contrary to expectation, populations of clonal organisms are often genetically highly diverse. In phytoplankton, this diversity is maintained throughout periods of high population growth (that is, blooms), even though competitive exclusion among genotypes should hypothetically lead to the dominance of a few superior genotypes. Genotype-specific parasitism may be one mechanism that helps maintain such high-genotypic diversity of clonal organisms. Here, we present a comparison of population genetic similarity by estimating the beta-dispersion among genotypes of early and peak bloom populations of the diatom Asterionella formosa for three spring-blooms under high or low parasite pressure. The Asterionella population showed greater beta-dispersion at peak bloom than early bloom in the 2 years with high parasite pressure, whereas the within group dispersion did not change under low parasite pressure. Our findings support that high prevalence parasitism can promote genetic diversification of natural populations of clonal hosts.
Populations of (predominantly) clonal organisms, such as diatoms, are often genetically highly diverse (Evans et al., 2009) , even throughout blooms (Rynearson and Armbrust, 2005) . Over the short periods of time within which diatom spring-blooms develop, abiotic variation is limited, and competition between genotypes should lead to numerical dominance of few superior genotypes driven by genotype sorting (De Meester, 1996) . But biotic interactions, such as parasitism, may increase host population genetic dissimilarity through timelagged, negative frequency-dependent selection (Bell, 1982) , if parasites adapt to-and select against the most common genotypes (Hardin, 1968) . This can lead to an increase in genotypic evenness of host populations in infected systems compared with noninfected ones (Wolinska and Spaak, 2009 ). To our knowledge, no field study has yet described an increase in genetic dissimilarity in asexual host populations as they are being invaded by a parasite epidemic.
Materials and methods
In Lake Maarsseveen (The Netherlands), the diatom Asterionella formosa Hassall regularly forms springblooms, which are followed by high prevalence parasite epidemics of its fungal parasite, the chytrid Zygorhizidium planktonicum Canter (Van Donk and Ringelberg, 1983; Ibelings et al., 2011) . The Asterionella population is genetically very diverse (De Bruin et al., 2004) even though it is presumed to reproduce (predominantly) clonally. Sexual reproduction has been hypothesized, but never observed (Mann, 1988) . Moreover, gene flow is expected to be negligible as Lake Maarsseveen is hydrologically isolated, and as the Asterionella population is genetically distinct from that of lakes close-by (De Bruin, 2006) . Differential susceptibility of host genotypes to the chytrid was shown experimentally (De Bruin et al., 2004) , suggesting that this parasite can act as selection agent.
The population development of host and parasites was monitored in weekly intervals during 3 years (2008) (2009) (2010) . Each spring, genetic diversity of the early and the peak bloom population was sampled at 5 m depth in the pelagic zone of Lake Maarsseveen. Single Asterionella colonies were isolated from these six subpopulations (3 years, early and peak bloom), cultured and amplified fragment length polymorphism (AFLP) fingerprinted (Vos et al., 1995) , for more details on methods see Supplementary Material. A total of 65 isolates were fingerprinted (2008: n ¼ 25 (13 early, 12 peak), 2009: n ¼ 26 (13 early, 13peak) and 2010: n ¼ 14 (5 early, 9 peak)). To measure the changes in genetic similarity of the host population, we assessed beta-diversity among all subpopulations (Figure 2a ) and the homogeneity of beta-dispersion for early and peak subpopulation of each year (Figure 2b ) by permutational analysis of variance (Anderson et al., 2006) based on pair-wise Jaccard distances (Jaccard, 1901) . Beta-dispersion calculates distances from observations to their group centroids and then compares the average of these distances among groups. P-values were obtained by 999 permutations of the raw data using R package vegan (R, 2011).
Results
The spring of 2008 showed no clear host bloom or parasite epidemic (Figure 1a) . Asterionella was present in low numbers (maximum 14 cells ml À 1 ) and parasitized at low levels (maximum prevalence 15%). The 2009 and 2010 spring-blooms (Figures 1b  and c) showed more typical population maxima (2009: 530 cells ml À 1 ; and 2010: 264 cells ml À 1 ) and were followed by high prevalence epidemics (maximum prevalence 2009: 77% and 2010: 80%) (Ibelings et al., 2011) . The AFLP analysis yielded on average 32.0 ± 2.2 marker bands per primer pair (128 marker bands; 87.5% polymorphism). Two genotypes occurred twice, all other isolates showed unique fingerprints. Although the six group centroids differed significantly (F 5,64 ¼ 6.47, Po0.001), temporally consecutive populations overlapped to large extent (Figure 2a) , suggesting that the host population was changing over time but remained coherent. The beta-dispersion among all subpopulations was nonhomogeneous (F 5,59 ¼ 3.71, P ¼ 0.005). Within a year, analysis of beta-dispersion showed a significantly larger dispersion in the peak bloom subpopulation than in the early bloom (Figure 2b ). However, the beta-dispersion of early and peak bloom subpopulation of the low parasitized 2008 bloom showed no difference: F 1,24 ¼ 1.33, P ¼ 0.24 (Figure 2b ).
Conclusions
What mechanisms may maintain host genetic diversity is particularly relevant in spring-bloom phytoplankton species as they form the base of lake food webs (Sommer et al., 2012) . Genetically, more diverse host populations are known to be more resistant to disease than genetically poor ones (Altermatt and Ebert, 2008; Whitehorn et al., 2011) , as higher host diversity hampers adaptation of the parasite (De Bruin et al., 2008) . Paradoxically, high-parasite pressure is also expected to increase host genetic diversity through frequency-dependent selection (Little, 2002) . Parasite epidemics exert a short-lived albeit strong selective force, whereas hosts are under different selection forces during the rest of the year. However, our results support the idea that high prevalence parasitism can drive genetic diversification in natural host populations, which then again serves as raw material for selection processes throughout the rest of the year.
